Vibrio cholerae serotype 01 is the causative agent of cholera in humans. In recent years, V. cholerae El Tor serotype 01 has been isolated from aquatic environments in which cholera is not endemic, as reported in studies made in the United States (6), England (2, 11), Australia (15), and Japan (14). Although the significance of these isolates in terms of an environmental reservoir of cholera is uncertain, it is important to be able to ascertain whether the organism is present in samples from such aquatic environments, since the most likely vectors of the organism are seafood and water (4, 5, 9) .
Vibrio cholerae serotype 01 is the causative agent of cholera in humans. In recent years, V. cholerae El Tor serotype 01 has been isolated from aquatic environments in which cholera is not endemic, as reported in studies made in the United States (6), England (2, 11) , Australia (15) , and Japan (14) . Although the significance of these isolates in terms of an environmental reservoir of cholera is uncertain, it is important to be able to ascertain whether the organism is present in samples from such aquatic environments, since the most likely vectors of the organism are seafood and water (4, 5, 9) .
In fecal specimens, V. cholerae 01 can be readily identified and differentiated from coliforms by use of thiosulfatecitrate-bile salts medium. However, this culture medium is not useful for detecting the organisms in environmental samples because of the presence of non-O1 V. cholerae. Polymyxin-mannose-tellurite agar (PMT), which was developed for selection and identification of V. cholerae El Tor in environmental specimens that also contained non-O1 vibrios, is much more useful than thiosulfate-citrate-bile salts for this purpose (16) . Plating on PMT can be very sensitive if background flora do not ferment mannose. However, in examinations of environmental samples, the plates are very often contaminated with mannose-positive organisms. Because V. cholerae 01 is detected by chance, microbiologists are required to pick large numbers of colonies and perform slide agglutination tests. To eliminate this timeconsuming procedure, we developed a colony-blot, doublestain method that enables us to identify individual colonies of V. cholerae 01 in mixed bacterial cultures on solid media (13) . However, it is laborious to perform the colony-blot assay with large numbers of specimens, and methods for more rapid screening are clearly needed.
A dot-blot, enzyme-linked immunosorbent method and a latex agglutination test were studied for efficiencies in screening for V. cholerae 01 in aquatic specimens, and the * Corresponding author. sensitivities and specificities of the methods were compared with those of the colony-blot method (13 Detection of V. cholerae 01 in the presence of aquatic flora. Two systems were used to estimate the abilities of the above-mentioned methods to detect V. cholerae O1 in the presence of bacterial flora.
(i) System A. Samples (1.0 ml) of various dilutions of V. cholerae El Tor Inaba were added to 1 liter of collected specimens to give 100 to 300, 10 to 30, or 1 to 3 CFU/liters. Controls received 1.0 ml of a sterile solution of physiological saline. These samples wee then cultured and examined as described above.
(ii) System B. A loopful of culture in Monsur peptone water, originally obtained in the field studies, was transferred to fresh Monsur peptone water and incubated at 37°C. Cultures were then diluted 1:100,000 and used as vibrio flora. Sample (1 ml) of various dilutions of V. cholerae El Tor Inaba were added to 9 ml of the bacterial flora; the proportions in the different mixtures ranged from 1:10 to 1:10,000
Inaba vibrios to flora. Samples (1 ml) of the mixtures were inoculated into 10 ml of Monsur peptone water, which was then incubated for 15 h at 37°C. These samples were then examined as described above. RESULTS Dot-blot, enzyme-linked immunosorbent method. For the development of the dot-blot method, optimal conditions were established for the V. cholerae El Tor and V. cholerae serotype 045 strains. A solution of antibodies composed of 0.1 ml of 01-specific antiserum and 5 pu1 of biotin-protein A in 10 ml of buffer was sufficient. The addition of less than 1.25 plA of biotin-protein A often resulted in a weaker reaction. The avidin-biotin-HRP complex (10 pI of avidin and 5 pI of biotin-HRP in 15 ml of PBS) was adequate: the higher the dose, the higher the background. Representative results are shown in Fig. 1 . Spots containing 2 x 105 or more V. cholerae 01 cells were consistently positive by macroscopic examination (Fig. 1) , and no instrumentation was necessary to detect a positive reaction. The 01-specific polyclonal antiserum gave a stronger reaction than the monoclonal antibody specific for antigen A (data not shown).
Detection of V. cholerae 01 in artificially contaminated specimens. V. cholerae 01 was not detected in river water during the current field study. In our examination of 231 artificially contaminated specimens, the dot-blots, latex agglutination test, and colony-blots gave positive results for 167, 141, and 166 specimens, respectively. The sensitivities of the dot-blot and colony-blot methods were the same. Both methods gave positive results for most of the samples when 10 CFU or more of V. cholerae 01 was present in 1 liter of the specimens of water (Table 1) or at a ratio of V. cholerae 01 to background vibrios of 1:100 or more (Table 2) . By contrast, screening by the latex agglutination test was somewhat less sensitive than either the dot-blot method or the colony-blot method. 
DISCUSSION
The dot-blot method is useful for screening for V. cholerae serotype 01, even in specimens that are heavily contaminated with non-O1 organisms. The procedure requires little technical expertise, and commercially available reagents may be used without purification. The dot-blot method can be employed for the detection of V. cholerae 01, as can methods such as microscopic examination (1, 3, 7) and coagglutination with antibody-coated staphylococcal cells (10, 17) .
The dot-blot required 2 x 105 or more V. cholerae 01 cells cholerae 01 cells and contributed to the increase in sensitivity of the dot-blots. Accordingly, if specimens contain significant numbers of bacteria that can proliferate in Monsur peptone water, the sensitivity of our system may be reduced. When vibrio flora were used as background flora, an initial ratio of 1:100 or more V. cholerae 01 to flora was required to ensure the detection of the organisms ( Table 2 ). The present results indicate that the most important factor for the detection of V. cholerae 01 by our screening method was not the density of organisms in the water but the ratio of V. cholerae 01 to other vibrios. Gustafsson (8) developed an enzyme-linked immunosorbent assay with monoclonal antibodies to screen for V. cholerae 01. However, the method is rather complicated and the monoclonal antibody is not commercially available. We aimed to develop a simple method with commercial reagents for use in the clinical laboratory. Although the latex agglutination test is rapid and easy to perform, it was somewhat less sensitive than the dot-blot method and is almost three times as expensive.
In dot-blot screening, polyclonal antiserum gave a stronger reaction and was preferable to the monoclonal antibody raised against the A antigen. Since the monoclonal antibody reacts with only one kind of epitope on the 01 antigen, the reaction cannot help but be weaker.
In conclusion, we recommend that specimens be screened by the dot-blot method, with subsequent application of the colony-blot method to the specimens that give positive results in the screening. These methods permit the effective analysis of aqueous specimens and aid in the detection of V. cholerae 01 organisms whose presence has heretofore been obscured by non-Ol vibrios. 
